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I/*) (54) Title: A SOLID-STATE LASER CRYSTAL ASSEMBLY 
<S 

^ (57) Abstract: A solid-state laser crystal assembly is provided, comprising a solid-state laser crystal for emission of a laser beam, 
^ a cooling member for dissipation of heat generated by the laser and having a cooling surface, the solid-state laser crystal being 
^ positioned adjacent to the cooling surface, and a holder for holding the cooling member and the solid-state laser crystal so that 

the solid-state laser crystal is in heat dissipating contact with the cooling surface. The solid-state laser crystal is, thus, removably 
W positioned at the cooling surface of the cooling member and is, during operation of the assembly, held in this position by the holder. 
^ The laser crystal assembly may further comprise a first transparent thermally conductive member being positioned between the 

cooling surface and the solid-state laser crystal. The first transparent conductive member may for example be made of sapphire. 
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A SOLID-STATE LASER CRYSTAL ASSEMBLY 

V- 

FIELD OF THE INVENTION 

5 The present invention relates to a solid-state laser crystal assembly facilitating cooling of 
a solid-state laser crystal during emission of light. 

BACKGROUND OF THE INVENTION 

10 In US 5,553,088 a solid-state laser crystal assembly is disclosed with a solid-state disc 
laser that is pumped with a pumping light source. The solid-state laser crystal is 
positioned at a cooling surface of a cooling member for dissipation of heat generated in 
the solid-state laser crystal. The cooling member forms a carrier for the solid-state laser 
crystal. The radiated laser beam propagates approximately parallel to the temperature 
15 gradient in the laser. Due to heat dissipation into the cooling member, the assembly 
facilitates pumping of the laser with a high pumping power. Further, since the radiated 
laser beam propagates approximately parallel to the temperature gradient in the solid 
body, the beam is exposed to the same temperature gradient in all cross-sectional areas. 
Thus, the temperature gradient does not lead to an adverse effect on the beam quality at 
20 a high pumping power. 

In order to obtain an effective thermal coupling of the solid-state laser crystal to the 
cooling member, the solid-state laser crystal may be provided with a metal layer, 
preferably of copper, which is connected via a contact layer made of soft metal, preferably 
25 of soft solder or indium, with the cooling surface of the cooling member. 

It is an important disadvantage of the known assembly that the solid-state laser crystal 
has to be secured to the cooling member, e.g. by gluing, soldering, or cold-welding. All of 
these attachment methods require that surfaces to be securely attached to each other are 
30 high quality surfaces, Le. clean, plane and highly polished surfaces. Further, the 

attachment methods stress the attached parts mechanically and soldering also stresses 
soldered parts thermally. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a solid-state laser crystal assembly 
without the above-mentioned disadvantages. 

5 

It is a further object of the present invention to provide a solid-state laser crystal assembly 
that is easy to disassemble, e.g. for servicing purposes, cheap, and easy to manufacture. 

According to a first aspect of the present invention, the above-mentioned objects are 
10 fulfilled by a solid-state laser crystal assembly comprising a solid-state laser crystal for 
emission of a laser beam, a cooling member for dissipation of heat generated by the laser 
and having a cooling surface, the solid-state laser crystal being positioned adjacent to the 
cooling surface, and a holder for holding the cooling member and the solid-state laser 
crystal so that the solid-state laser crystal is in heat dissipating contact with the cooling 
15 surface. 

* 

According to a second aspect of the present invention, the above-mentioned objects are 
fulfilled by a method of producing a solid-state laser crystal assembly comprising the 
steps of positioning a solid-state laser crystal for emission of a laser beam adjacent to a 
20 cooling surface of a cooling member for dissipation of heat generated by the laser, and 
mounting the cooling member and the solid-state laser crystal with a holder so that the 
solid-state laser crystal is in heat dissipating contact with the cooling surface. 

It is an important advantage of the present invention that the solid-state laser crystal is not 
25 secured to the cooling member by gluing, soldering, cold-welding, etc. Instead, the solid- 
state laser crystal is removably positioned at the cooling surface of the cooling member 
and, during operation of the assembly, is held in this position by the holder. Thus, the 
requirement of tedious and time consuming working of surfaces of the solid-state laser 
crystal and the cooling member, respectively, in order to obtain high quality surfaces that 
30 may be reliably secured to each other is hereby avoided and thus, manufacture of the 
solid-state laser crystal assembly is greatly simplified. 

Further the assembly may be disassembled, e.g. for exchange of a defect solid-state laser 
crystal, facilitating service and repair. 

35 
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The assembly may comprise a thermally conductive compound that is positioned between 
the solid-state laser crystal and the cooling member for decreasing the thermal resistance 
between the solid-state laser crystal and the cooling member. 

5 Preferably, the thickness of the layer of thermally conductive compound ranges from 50 
to 100 

In a preferred embodiment, the solid-state laser crystal may comprise a reflective coating 
, on the surface facing the cooling member. 

10 

The holder may comprise an upper member and a base member, the solid-state laser 
crystal and the cooling member being held between the upper member and the base 
member. 

15 In order to reduce the thermal resistance between the solid-state laser crystal and 

ambient, the base member may contain flow channels for a cooling liquid for absorption 
and removal of heat conducted through the cooling member to the base member. 

The thermal resistance may be further reduced by positioning of a heat pump, such as a 
20 thermally conductive element, a peltier element, etc, between the cooling member and the 
base part for increased transportation of heat from the cooling member to the base part. 

Preferably, the cooling member is made of thermally conductive material, such as copper, 
CVD diamond, etc. 

25 

To further increase the dissipation of heat generated in the solid-state laser crystal, the 
solid-state laser crystal assembly may further comprise a first transparent thermally 
conductive member being positioned between the cooling surface and the solid-state 
laser crystal. Preferably, the thermally conductive member is made of a material 

30 transparent to the laser beam emitted from the solid-state laser crystal. The thermally 
conductive member may, for example, be made of sapphire. In a preferred embodiment of 
the invention the thermally conductive member is bonded to the solid-state laser crystal, 
for example by anodic bonding of the thermally conductive member to the solid-state laser 
crystal. The thermally conductive compound then being positioned between the cooling 

35 member and the first transparent thermally conductive member. 
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The cooling member may comprise a transparent opening, the transparent opening being 
adapted to transmit the laser beam emitted from the solid-state laser crystal. In a 
preferred embodiment the transparent opening is a boring through the cooling member. 
5 Hereby, the heat generated in the solid-state laser crystal may be dissipated through the 
first transparent thermally conductive member to the cooling surface surrounding the 
boring through the cooling member. 

The solid-state laser crystal may thus be adapted to emit the laser beam through the 
10 transparent opening, facilitating mounting of the solid-state laser crystal anywhere in the 
laser cavity and thus not necessarily as an active end mirror. 

To still further increase the dissipation of heat generated in the solid-state laser crystal, 
the solid-state laser crystal assembly may further comprise a second transparent 

15 thermally conductive member being positioned on an opposite site of the laser crystal in 
relation to the first thermally conductive member. Hereby, the heat generated in the solid- 
state laser crystal may be transmitted in both directions in relation to the longitudinal 
direction of the solid-state laser crystal. The first and the second transparent thermally 
conductive members may by connected or in thermally conductive contact at areas of the 

20 members extending beyond the solid-state laser crystal 

The second transparent thermally conductive member may be bonded to the opposite site 
of the solid-state laser crystal in relation to the first thermally conductive member, for 
example by anodic bonding. 

25 

Pumping light may enter the solid-state laser crystal at any apgle in relation to its 
surfaces. In the preferred embodiment, the solid-state laser crystal is a disc laser having 
the shape of a thin circular plate with an upper surface and a lower surface. When the 
solid-state laser crystal is positioned in the assembly/the lower surface faces the cooling 
30 member and the output laser beam is emitted from the upper surface along a propagation 
axis that is substantially perpendicular to the upper surface. Preferably, pumping light is 
emitted towards the upper surface of the solid-state laser crystal at an obtuse angle in 
relation to the upper surface. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a cut-away cross-sectional view of a solid-state laser crystal assembly 
according to the present invention, 

5 

Fig. 2 shows a solid-state laser crystal assembly according to the present invention, and 

Fig. 3 shows a solid-state laser crystal assembly comprising a transparent thermally 
conductive member. 

10 

DESCRIPTION OF A PREFERRED EMBODIMENT 

Figs. 1 and 2 show in perspective a solid-state laser crystal assembly 10 according to the 
present invention. The solid-state laser crystal assembly 10 comprises a solid-state laser 

15 crystal 12 for emission of a laser beam 14, and a cooling member 16 for dissipation of 
heat generated by the solid-state laser crysta!12 and having a cooling surface 18. The 
solid-state laser crystal 12 is positioned adjacent to the cooling surface 18. The assembly 
10 also has a holder 20 for holding the cooling member 16 and the solid-state laser crystal 
12 so that the solid-state laser crystal 12 is in heat dissipating contact with the cooling 

20 surface 18. 

A thermally conductive compound 22 is positioned between the solid-state laser crystal 12 
and the cooling member 16 for decreasing the thermal resistance between the solid-state 
laser crystal 12 and the cooling member 16. Preferably, the thickness of the layer of 
25 thermally conductive compound ranges from 50 to 100 p. 

The holder 20 may comprise an upper member 24 and a base member 26, the solid-state 
laser crystal 12 and the cooling member 16 being held between the upper member 24 and 
the base member 26 that are kept together by fastening means, such as screws 34. 

30 

In order to reduce the thermal resistance between the solid-state laser crystal 12 and 
ambient, the base member 26 may contain flow channels 28 for a cooling liquid for 
absorption and removal of heat conducted through the cooling member 16 to the base 
member 26. 
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The thermal resistance may be further reduced by positioning of a heat pump 30, such as 
a thermally conductive element, a peltier element, etc, between the cooling member 16 
and the base part 26 for increased transportation of heat from the cooling member 16 to 
the base part 26. 

5 

Pumping light 32 is emitted towards the upper surface of the solid-state laser crystal 12 at 
an obtuse angle in relation to the upper surface. 

Fig. 3 shows a solid-state laser assembly according to an embodiment of the invention. A 
10 first transparent thermally conductive member 36 is positioned adjacent the cooling 

surface 18 of the cooling member 16, and the solid-state laser crystal is then positioned 

adjacent to the first transparent thermally conductive member 36, on an opposite side. 

The first transparent thermally conductive member is made of sapphire, but also any other 

thermally conductive material transparent for the laser beam emitted by the solid-state 
15 laser crystal 12 may be used. The first transparent thermally conductive member 36 is 

bonded to the solid-state laser crystal 12 by anodic bonding so that an optically clean 

connection is obtained. 

The indentations 40 are adapted to receive at least part of the screws 34 (shown in Fig. 
20 2). 

A second transparent thermally conductive member (not shown) may be positioned 
adjacent to the solid-state laser crystal 12 on the side of the solid-state laser crystal 
opposite the first transparent thermally conductive member so that heat generated by the 
25 solid-state laser crystal may be dissipated in the transparent thermally conductive 

members and thus conducted away from the solid-state laser crystal in both lengthways 
directions of the laser rod. The solid-state laser crystal is thus positioned in-between two 
transparent thermally conductive members in a sandwich-like structure. The second 
transparent thermally conductive member may be bonded to the solid-state laser crystal. 

30 

The cooling member 16 has a boring 38, so that a laser beam (not shown) emitted from 
the solid-state laser 12 may be transmitted through the first transparent thermally 
conductive member and through the boring 38 of the cooling member 16. Hereby, the 
laser crystal may be positioned anywhere in a laser cavity (not shown) facilitating 
35 emission of light from/incident light at both ends of the laser rod. 
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When the cooling member has a boring, the effective cooling area of a solid-state laser 
crystal 12 positioned adjacent the cooling surface 18 is reduced by the sectional area of 
the boring. To compensate for the reduced cooling area, the transparent thermally 
5 conductive member is positioned so that at least a part of the transparent thermally 
conductive member is positioned adjacent to the cooling surface 18. The heat is thus 
dissipated in the transparent thermally conductive member and lead to the cooling 
member 18. The heat transport in the transparent thermally conductive member is then 
horizontal but this has only a limited effect on the vertical heat dissipation in the solid-state 
10 laser crystal so that no 'thermal lens 1 effect is seen in the solid-state laser crystal. 

The first transparent thermally conductive member 36 is in Fig. 3 shown having a circular 
disc form, but it is envisaged that the first and second transparent thermally conductive 
members may obtain any form suitable for being thermally connected to the solid-state 
1 5 laser crystal for cooling the laser crystal. 
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CUMMS 

1 . A solid-state laser crystal assembly comprising 

5 a solid-state laser crystal for emission of a laser beam, 

a cooling member for dissipation of heat generated by the laser and having a cooling 
surface, the solid-state laser crystal being positioned adjacent to the cooling surface, and 

10 a holder for holding the cooling member and the solid-state laser crystal so that the solid- 
state laser crystal is in heat dissipating contact with the cooling surface. 

2. A solid-state laser crystal assembly according to claim 1 , wherein the holder further 
comprises an upper member and a base member, the solid-state laser crystal and the 

15 cooling member being held between the upper member and the base member. 

3. A solid-state laser crystal assembly according to claim 2, wherein the base member 
contains flow channels for a cooling liquid. 

20 4. A solid-state laser crystal assembly according to claims 2 or 3, further comprising a 
heat pump positioned between the cooling member and the base part for increased 
transportation of heat from the cooling member to the base part. 

5. A solid-state laser crystal assembly according to claim 4, wherein the heat pump is a 
25 thermally conductive element. 

6. A solid-state laser crystal assembly according to claim 5, wherein the heat pump is a 
pettier element. 

30 7. A solid-state laser crystal assembly according to any of the preceding claims, further 
comprising a thermally conductive compound positioned between the solid-state laser 
crystal and the cooling member. 

8. A solid-state laser crystal assembly according to any of the preceding claims, wherein 
35 the cooling member is made of copper. 
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9. A solid-state laser crystal assembly according to any of the preceding claims, wherein 
the solid-state laser crystal assembly further comprises a first transparent thermally 
conductive member, the first transparent thermally conductive member being positioned 
between the cooling surface and the solid-state laser crystal. 

10. A solid-state laser crystal assembly according to claim 9, wherein the first transparent 
thermally conductive member is bonded to the solid-state laser crystal. 

1 1. A solid-state laser crystal assembly according to claims 9 or 10, wherein the cooling 
member comprises a transparent opening, the transparent opening being adapted to 
transmit the laser beam emitted from the solid-state laser crystal. 

12. A solid-state laser crystal assembly according to claim 11, wherein the solid-state 
laser crystal is adapted to emit the laser beam through the transparent opening. 

13. A solid-state laser crystal assembly according to any of claims 9-12, further 
comprising a second transparent thermally conductive member being positioned on an 
opposite site of the solid-state laser crystal in relation to the first thermally conductive 
member. 

20 

14. A solid-state laser crystal assembly according to claim 13, wherein the second 
transparent thermally conductive member is bonded to the solid-state laser crystal. 

15. A method of producing a solid-state laser crystal assembly comprising the steps of. 

25 

positioning a solid-state laser crystal for emission of a laser beam adjacent to a cooling 
surface of a cooling member for dissipation of heat generated by the laser, and 

holding the cooling member and the solid-state laser crystal with a holder so that the 
30 solid-state laser crystal is in heat dissipating contact with the cooling surface. 
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16. A method according to claim 15, further comprising the steps of 

providing a holder with an upper member and a base member, and 

5 positioning the solid-state laser crystal and the cooling member between the upper 
member and the base member. 

17. A method according to claim 16, further comprising the step of providing the base 
member with flow channels for a cooling liquid. 

10 

18. A method according to claims 16 or 17, further comprising the step of positioning a 
heat pump between the cooling member and the base part for increased transportation of 
heat from the cooling member to the base part. 

15 19. A method according to claim 18, wherein the heat pump is a thermally conductive 
element. 

20. A method according to claim 19, wherein the heat pump is a peitier element. 

20 21 . A method according to any of claims 15-20, further comprising the step of positioning 
a thermally conductive compound between the solid-state laser crystal and the cooling 
member. 

22. A method according to any of claims 15-21, further comprising the step of providing a 
25 cooling member made out of copper. 

23. A method according to any of claims 15-22, further comprising the step of positioning 
a first transparent thermally conductive member between the cooling surface and the 
solid-state laser crystal. 

30 

24. A method according to claim 23, further comprising the step of bonding the first 
transparent thermally conductive member to the solid-state laser crystal. 



WO 01/03257 



11 



PCT/DKOO/00356 



25. A method according to claims 23 or 24, further comprising the step of providing a 
transparent opening in the cooling member, the transparent opening being adapted to 
transmit the laser beam emitted from the solid-state laser crystal. 

5 26. A method according to claim 25, wherein the solid-state laser crystal is adapted to 
emit the laser beam through the transparent opening. 

27. A method according to any of claims 23-26, further comprising the step of positioning 
a second transparent thermally conductive member on an opposite site of the solid-state 

10 laser crystal in relation to the first thermally conductive member. 

28. A method according to claim 27, further comprising the step of bonding the second 
transparent thermally conductive member to the solid-state laser crystal. 



15 
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